1. Introduction {#sec1}
===============

The rhizosphere harbours a diverse group of plant beneficial microorganisms, possessing the inherent ability to improve plant growth and development, and soil health. Beneficial interactions between roots and microbes in the rhizosphere determine overall plant health and soil fertility ([@bib24]; [@bib14]). Such interactions play a vital role in regulating various biophysical and biogeochemical processes in the soil. A broad canopy of rhizosphere colonizing bacteria, referred to as plant growth promoting rhizobacteria (PGPR), produce growth promoting substances and elicit phytoprotective effects on plants through several direct and indirect mechanisms ([@bib11]). Inoculation with PGPR plays a significant role in facilitating plant growth and/or safeguarding crops against phytopathogens (biological control) ([@bib24]; [@bib25]), thereby providing an eco-friendly alternative to chemical fertilizers and fungicides. Hence, exploring the diversity of potential PGPR strains suitable for different environmental conditions, including soil type, is relevant for sustainable agriculture.

The genus *Bacillus* represents one of the most abundant and phylogenetically diverse groups of easily cultivable PGPR ([@bib23]). Bacilli, due to their avid rhizosphere colonization and PGP characteristics, offer considerable interest for improving crop productivity and yield ([@bib43]; [@bib32]). *Bacillus* spp. promote growth by increasing the bioavailability of minerals *viz*., phosphorus and zinc, fixing atmospheric nitrogen, sequestration of iron through siderophores, and also by the production of phytohormones. In addition, biosynthesis of ethylene catabolism related 1-aminocyclopropane-1-carboxylate (ACC) deaminase, antibiosis, lytic enzyme production, detoxification and degradation of pathogens' virulence factors ([@bib1]; [@bib4]) also contribute to the plant beneficial effects of Bacilli. Seed bacterization was often employed to study the effect of Bacilli or their formulations on plant growth ([@bib15]; [@bib9]). Beneficial *Bacillus* spp. have the potential to improve soil health and enhance crop yield as external inputs.

Tomato (*Solanum lycopersicum* L.) is one of the most commonly used vegetables all over the world. There is a need to adopt non-chemical alternatives to increase yield, safety and quality of tomato. Biofertilizers based on *Bacillus* PGPR have been widely documented to enhance tomato yield and fruit quality. Multiple *Bacillus* species such as *B*. *licheniformis, B*. *subtilis, B*. *polymyxa*, *B*. *cereus*, *B*. *amyloliquefaciens*, *B*. *megaterium*, and *B*. *pumilus* successfully colonize the tomato rhizosphere and contribute to better growth and yield ([@bib8]; [@bib40]; [@bib43]).

BOX-PCR fingerprinting, along with 16S rRNA gene sequencing, is often employed for identification and molecular typing of bacterial species. It involves amplification of the BOX-elements (interspersed repetitive DNA sequences present in bacterial genomes) with BOX-A1R primer and demonstrates intraspecies diversity ([@bib41]). Here, we report the characterization of multifarious PGPR from the tomato rhizosphere both *in vitro* and *in planta.* We also demonstrate the potential of BOX-PCR to distinguish different *Bacillus* spp.

2. Material and methods {#sec2}
=======================

2.1. Seed material {#sec2.1}
------------------

Tomato (*Solanum lycopersicum* L.) seeds (var. Arka Vikas) were procured from ICAR-Indian Institute of Horticulture Research, Bangalore, India.

2.2. Microbial cultures {#sec2.2}
-----------------------

A commercially available strain of *Bacillus licheniformis* (C*Bli*) was procured from M/s Sri Biotech, Hyderabad, India. Fungal pathogens *Curvularia* sp. and *Fusarium* sp*.* were obtained from Osmania University, Hyderabad, India. Phytopathogenic bacterium *Xanthomonas oryzae* pv*. oryzae* (*Xoo*) strain BXO43 was obtained from CSIR-Centre for Cellular and Molecular Biology, Hyderabad, India. *Xanthomonas axonopodis* pv*. citri* (*Xac*) strain was from our laboratory collection.

2.3. Rhizospheric soil sample collection {#sec2.3}
----------------------------------------

Healthy tomato plants were uprooted, and rhizospheric soil samples were collected from several tomato fields across different districts of Andhra Pradesh and Telangana, India. Sterile sample containers were used for sampling and storage of rhizospheric soil at 4 °C until further use.

2.4. Isolation of rhizobacteria {#sec2.4}
-------------------------------

To isolate rhizobacteria, 1 g rhizospheric soil was added to 10 ml of PBS (phosphate buffer saline) \[pH 7.0\] followed by vortexing, serially diluting and finally plating the inoculum onto two different media *viz*., minimal medium-1 (M1) (gL^−1^)- KH~2~PO~4~, 0.2; NH~4~Cl, 0.25; KCl, 0.5; CaCl~2~.2H~2~O, 0.15; NaCl, 1.0; MgCl~2~.6H~2~O, 0.62; Na~2~SO~4~, 2.84; HEPES \[4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid\] (pH 6.8), 10 mM and minimal medium-2 (M2) (gL^−1^)- MgSO~4~, 0.5; KNO~3~, 0.5; K~2~HPO~4~, 1.3; Ca(NO~3~)~2~, 0.06; glucose, 0.06; casamino acids, 0.001; pH 7.5. The plates were incubated at 30 °C for 48 h. Phenotypically distinct isolates were subcultured in fresh medium and purified. The seven bacterial isolates used in the present study included TRS-1, 2, 3, 4, 5, 7 and 8, which were compared with C*Bli*.

2.5. Selection of rhizobacterial isolates based on plant growth promotion traits {#sec2.5}
--------------------------------------------------------------------------------

*In vitro* PGP traits of the rhizobacterial isolates were assessed using standard protocols for production of indoleacetic acid (IAA), ACC deaminase, chitinase, phytase, siderophore and HCN, solubilization of zinc and phosphate, and biofilm formation ([@bib34]; [@bib10]; [@bib40]). Antagonistic activity of the test isolates was determined against two soil-borne phytopathogenic fungi *viz*., *Fusarium* sp. and *Curvularia* sp. as described by [@bib40] and also against two phytopathogenic *Xanthomonas* strains *viz*., *Xac* and *Xoo*, according to [@bib36]*.*

2.6. Characterization of rhizobacterial isolates {#sec2.6}
------------------------------------------------

Physiological and biochemical characterization was done using standard protocols ([@bib7]). Selected seven isolates were identified to the genus level using 16S rRNA gene sequencing. Further differentiation of the isolates to species and sub-species was done using BOX-PCR.

2.7. 16S rRNA gene-based molecular characterization of rhizobacteria {#sec2.7}
--------------------------------------------------------------------

Rhizobacterial isolates were grown for 12 h in M1 and M2 broths at 30 °C with shaking at 160×*g*. Rhizobacterial genomic DNA was isolated, according to [@bib35]. 16S rRNA gene was amplified using 100 ng of genomic DNA and employing the universal primers (Sigma-Aldrich, USA): 27F (5′-GTTTGATCCTGGCTCAG-3′) and 1494R (5′-ACGGCTACCTTGTTACGACTT-3′) as described earlier ([@bib14]). The PCR products were electrophoresed in 1.5 % TAE-agarose gel, purified using Nucleospin® Extract II Kit (Macherey Nagel, Germany), and subjected to Sanger sequencing at First Base, Malaysia, using ABI PRISM 3730XI Genetic Analyzer (Applied Biosystems, USA). Resulting nucleotide sequences were analyzed using the BLAST® sequence analysis tool provided by the US National Center for Biotechnology Information (NCBI). Rhizobacterial isolates were identified based on the percentage of similarity with the top-hit taxon. The 16S rDNA sequences were deposited in GenBank, and accession numbers were obtained. All the sequences were aligned with MEGA6 (Molecular Evolutionary Genetics Analysis version 6.0) software ([@bib38]) for constructing a phylogenetic tree.

2.8. BOX-PCR analysis {#sec2.8}
---------------------

For the genotypic fingerprinting of closely related *Bacillus* strains, BOX-PCR was performed using BOX-A1R primer (5′-CATACGGCAAGGCGACGCT-3′) as described by [@bib41]. The PCR mixture contained 1μM of primer, 1X of PCR buffer with 1.5 mM MgCl~2~ (Sigma-Aldrich, USA), 10mM of each dNTP (Fermentas, USA) and 2 U of Taq DNA polymerase (Sigma-Aldrich, USA). The PCR was carried out for 30 cycles including an initial denaturation step for 5 min at 95 °C, denaturation for 1 min at 94 °C, annealing for 1 min at 50 °C, polymerization for 1 min at 72 °C and a final extension for 10 min at 72 °C. Amplicons were separated by electrophoresing on 2% TAE-agarose gel.

2.9. Plant growth in tissue culture {#sec2.9}
-----------------------------------

Surface sterilized tomato seeds (treated with 2 % sodium hypochlorite solution) were bacterized with culture suspensions of 1 × 10^8^ colony forming units (CFU) mL^−1^ in 1 % sterile carboxymethyl cellulose (CMC). C*Bli* and CMC were respectively used as positive and negative controls. The bacterized seeds were blot dried and transferred aseptically to plant tissue culture bottles containing half-strength Murashige and Skoog (MS) medium (Hi-media, India). The bottles were maintained in a plant growth chamber at 26 °C, 16h/8h photoperiod and 40 μmol m^−2^ s^−1^ light intensity for 15 days. The experiment was repeated four times with triplicates. After 15 days, three seedlings were randomly selected from each replication, and the root and shoot lengths were measured. The samples were dried to a constant weight in an oven to measure the dry weights.

For root colonization, 5-, 10- and 15-days old seedlings grown on MS medium were sampled. The roots were excised and serially diluted in 0.85% saline, and were grown onto M1 and M2 plates at 30 °C for 24--48 h followed by counting the colonies in the form of CFUs.

2.10. Plant growth in greenhouse {#sec2.10}
--------------------------------

Pot experiments were conducted in the greenhouse with selected rhizobacterial isolates (TRS-2, 7, and 8) and controls (C*Bli* and CMC). Before the start of the experiment, the physicochemical properties of the greenhouse soil were determined using Soil Test Kit (Hi-Media, India). Surface sterilized tomato seeds were bacterized and sown into plastic pots filled with greenhouse soil. The plants were maintained in a greenhouse (16 h/8 h photoperiod, 30 ± 2 °C, and 70 % relative humidity). The same volume of tap water was used to water the plants daily, without applying any other nutrients or PGPR inocula. The experiment was repeated three times with triplicates. Plant growth parameters (root length, shoot length and dry weight) were assessed at 20-, 40- and 60-days post-inoculation by randomly selecting and uprooting three plants from each treatment.

2.11. Statistical analysis {#sec2.11}
--------------------------

Data were analyzed using GraphPad Prism statistical software (Version 6.0) for significant mean differences via either one-way or two-way Analysis of Variance (ANOVA), respectively followed by Dunnett\'s or Bonferroni\'s post-hoc test for multiple mean comparisons, as per requirement. Depending on the comparisons made, Dunnett\'s test was used for multiple comparisons with the control mean, while Bonferroni\'s test was used for pairwise comparisons. Statistical significance was determined at the critical alpha level of 0.05.

3. Results {#sec3}
==========

3.1. Isolation, selection, and characterization of rhizobacteria {#sec3.1}
----------------------------------------------------------------

A total of 60 distinct bacterial colonies were isolated from tomato rhizosphere on two minimal media using standard plating methods. Seven isolates were selected based on differential colony morphology, and designated as tomato rhizosphere (TRS) isolates with a number suffixed. Three isolates, TRS-1, TRS-3, and TRS-5, were isolated on M1, and four isolates, TRS-2, TRS-4, TRS-7, and TRS-8, were isolated on M2. Physiological and biochemical characteristics of the bacterial isolates are presented in [Table 1](#tbl1){ref-type="table"}.Table 1Physiological and biochemical characterization of rhizobacterial isolates.Table 1CharacteristicsTRS-1TRS-3TRS-5TRS-2TRS-4TRS-7TRS-8Gram stain+ve+ve+ve+ve+ve+ve+vepH optimum (range)7.0 (6.5--8.0)7.0 (7.5--8.0)6.0 (7.0--8.5)7.0 (5.0--8.0)7.0 (6.0--8.0)7.0 (7.0--8.5)7.0 (7.0--8.5)Temperature optimum (range) °C30 (30--40)30 (28--40)30 (30--40)37 (28--45)37 (28--45)28 (28--40)28 (28--40)MotilityMotileMotileMotileMotileMotileNon- motileNon- motileNatureFacultative AnaerobicAerobicAerobicAerobicAerobicAerobicAerobic**Biochemical tests**Indole test**-------**Methyl red test**+------**Voges Proskauer test**+++++++**Starch hydrolysis**++---++**H~2~S production test**+------**Catalase test**+++++++**Glucose utilization**+++++++**[^1]

3.2. PGP traits of rhizobacterial isolates {#sec3.2}
------------------------------------------

All the seven isolates *viz*., TRS-1, TRS-2, TRS-3, TRS-4, TRS-5, TRS-7, and TRS-8 were Gram positive and exhibited multiple PGP activities ([Table 2](#tbl2){ref-type="table"}). Phosphate solubilization was observed with the TRS-5 only. Out of seven isolates, TRS-1, TRS-3, and TRS-8 exhibited good zinc solubilization capability and phytase production. Siderophore, HCN, and IAA production was common for all the test isolates, while none of the isolates hydrolyzed chitin. Isolates TRS-1 and TRS-7 formed biofilm, while TRS-2, TRS-4, TRS-7, and TRS-8 produced ACC deaminase.Table 2Characterization of rhizobacterial isolates for plant growth promoting activities.Table 2IsolatePSCPSPZSHPIPPPBFADAntibacterialAntifungal*XacXoo*CFTRS-1**--++++++-+++++++-**TRS-2**--++-+++--+----**TRS-3**--++++++++------**TRS-4**--+++-+++--+----**TRS-5**+++-++-+++---++++--**TRS-7**--+++-+++++-++----**TRS-8**--+++++++++++-+----**[^2]

All the seven rhizobacterial isolates were screened for their antagonistic ability against phytopathogenic fungi like *Fusarium* sp*.* and *Curvularia* sp., and phytopathogenic bacteria like *Xanthomonas axonopodis* pv. c*itri* and *X. oryzae* pv. o*ryzae*. None of the seven isolates was antagonistic to *Fusarium* sp. TRS-1 inhibited the growth of *Curvularia* sp., while TRS-1 and TRS-5 showed antibacterial activity against both the Xanthomonads (*Xac* and *Xoo*).

3.3. 16S rRNA gene-based molecular characterization {#sec3.3}
---------------------------------------------------

Amplicons of approximately 1500 bp were obtained after PCR amplification of the 16S rDNA. NCBI-BLAST analysis of the 16S rRNA gene sequences of all the test rhizobacterial isolates (GenBank accession nos. KJ572791, KJ572792, KJ572793, KJ631602, KJ631603, KJ631604, and KJ631605) indicated that all seven isolates are *Bacillus* spp., sharing 99--100% similarity with members of the genus *Bacillus* ([Table 3](#tbl3){ref-type="table"}).Table 3Rhizobacterial isolates and their identity based on 16S rRNA gene sequence similarity.Table 3IsolateIsolation mediumNCBI strainSimilarity (%)GenBank Accession No.TRS-1M1*Bacillus licheniformis*99[KJ572792](ncbi-n:KJ572792){#intref0015}TRS-3M1*Bacillus subtilis*100[KJ572793](ncbi-n:KJ572793){#intref0020}TRS-5M1*Bacillus pumilus*99[KJ572791](ncbi-n:KJ572791){#intref0025}TRS-2M2*Bacillus* sp*.*99[KJ631602](ncbi-n:KJ631602){#intref0030}TRS-4M2*Bacillus* sp.100[KJ631603](ncbi-n:KJ631603){#intref0035}TRS-7M2*Bacillus* sp.99[KJ631604](ncbi-n:KJ631604){#intref0040}TRS-8M2*Bacillus* sp.99[KJ631605](ncbi-n:KJ631605){#intref0045}[^3]

3.4. BOX-PCR analysis {#sec3.4}
---------------------

BOX-PCR amplification conditions were optimized to obtain fingerprints with distinct informative bands ([Figure 1](#fig1){ref-type="fig"}). BOX-PCR analysis allowed differentiation of individual strains, resulting in 6 different electrophoretic patterns or fingerprinting profiles for the seven isolates with isolates TRS-2 and TRS-4 sharing the same pattern. A large number of polymorphic bands of variable intensity were observed in the profiles, whose size ranged from 0.2--3.0 kb and remained consistent as the experiment was done in triplicate (n = 3) to confirm the reproducibility and stability. Although all the isolates showed a banding pattern typical of genus *Bacillus*, the intensity of a few bands was high in isolates TRS-1, TRS-2, TRS-3, and TRS-4.Figure 1**BOX-PCR patterns of the seven TRS isolates of *Bacillus* genus.** (L--R) Lane 1, DNA molecular mass standard (Generuler 2-Log DNA Ladder, New England Biolabs, USA; size indicated in the left-hand margin); lane 2, no DNA control (sterile water); lanes 3--9, *Bacillus* spp. TRS-2, TRS-4, TRS-7, TRS-8, TRS-1, TRS-3 and TRS-5. Full, non-adjusted gel images are provided in Supplementary File 1.Figure 1

3.5. Phylogenetic tree {#sec3.5}
----------------------

A phylogenetic tree, constructed based on the 16S rRNA gene sequences, indicated a considerable genetic homogeneity among the seven *Bacillus* isolates ([Figure 2](#fig2){ref-type="fig"}). The isolates could be divided into four groups, with the first, second, third, and fourth groups having 2, 2, 1, and 2 isolates, respectively.Figure 2**Phylogenetic tree of the seven TRS isolates based on 16S rRNA gene sequences.** Genetic relatedness between the seven TRS isolates was inferred from Neighbor-Joining tree based evolutionary analyses with a Bootstrap value of 1000, using *Paenibacillus thailandensis* S3-4A (GenBank accession no. [AB265205](ncbi-n:AB265205){#PC_linkDqljffurKC}) as the outgroup. The phylogenetic tree was constructed using MEGA6 software. Numbers at nodes represent the percentage of replicate trees in which the associated taxa clustered together. The tree is drawn to scale, and the scale bar represents 0.01 substitutions per nucleotide position.Figure 2

3.6. Plant growth promotion in tissue culture {#sec3.6}
---------------------------------------------

The overall growth response of tomato seedlings to seed bacterization by the *Bacillus* isolates was assessed in MS medium ([Figure 3](#fig3){ref-type="fig"}). Rhizobacteria treated tomato plants exhibited variations in root length ([Figure 3](#fig3){ref-type="fig"}A). The response to seed bacterization with TRS-4 and TRS-5 did not vary significantly in comparison to both the controls. The remaining five treatments, along with the commercial isolate (C*Bli*), significantly increased tomato root length in comparison to the CMC control. TRS-8 notably increased the root length more than the other isolates. Shoot length response to bacterial isolates differed considerably ([Figure 3](#fig3){ref-type="fig"}B). Isolates TRS-2, TRS-4, TRS-7, and TRS-8 improved shoot length more than the other isolates. Plants arising from TRS-8, followed by TRS-7, TRS-2, and TRS-4 bacterized seeds showed significant improvement in shoot length as compared to control (CMC) and C*Bli*.Figure 3**Effect of seven rhizobacterial isolates, a commercial *Bacillus licheniformis* strain (*CBli*) and a CMC control on tomato plants in MS medium after 15 days of treatment: root length (A), shoot length (B), and dry weight (C).** Values represent mean (n = 3), and the vertical lines represent ±standard error of the mean. For each of the growth response, i.e., root length, shoot length and dry weight, statistical analysis has been performed using one-way ANOVA followed by Dunnett\'s post-hoc test for multiple mean comparisons. ∗∗∗ highly significant, ∗∗ moderately significant, ∗ less significant compared to CMC control (p \< 0.05).Figure 3

An increase in the dry weight due to seed bacterization varied significantly ([Figure 3](#fig3){ref-type="fig"}C) on treatment with TRS-2, TRS-7, and TRS-8. Isolate TRS-8, followed by TRS-7, significantly enhanced the plant dry weight in comparison to CMC control. A comparison of root colonization by the test rhizobacterial isolates was also done ([Figure 4](#fig4){ref-type="fig"}). All the isolates colonized tomato roots. There was a significant increase in root colonization from 5 days with the isolates TRS-1 and TRS-3. At 10 and 15 days, all the isolates colonized roots extensively except TRS-4. TRS-8 and TRS-7 were better colonizers of the root compared with C*Bli*.Figure 4**Comparison of root colonization by test rhizobacterial isolates.** Values represent mean (n = 3), and the vertical lines represent ±standard error of the mean. Statistical analysis was performed using two-way ANOVA for each of the test bacterial isolate against three different time points, followed by Bonferroni\'s post-hoc test for multiple mean comparisons. ∗∗∗ highly significant, ∗∗ moderately significant, ∗ less significant compared to the C*Bli* positive control (p \< 0.05).Figure 4

3.7. Plant growth promotion in greenhouse {#sec3.7}
-----------------------------------------

The greenhouse soil used in this study had the following physicochemical characteristics: red colour, sandy texture, 7.5 pH, 1--1.5% oxidizable organic carbon, 10--15 kg ha^−1^ ammoniacal nitrogen, 10--20 kg ha^−1^ nitrate nitrogen, 56--73 kg ha^−1^ available phosphorus, and 112--280 kg ha^−1^ available potassium. There was a gradual increase in shoot length, root length and dry weight of the bacterized tomato plants at 20-, 40- and 60-days post-inoculation ([Figure 5](#fig5){ref-type="fig"}). The isolates TRS-8 and TRS-7 produced significant responses on tomato plant growth parameters after 20, 40, or 60 days with respect to the CMC control.Figure 5**Influence of three rhizobacterial isolates (selected) along with a commercial strain (C*Bli*) on tomato plant responses in greenhouse (20d, 40d and 60d): root length (RL in cm), shoot length (SL in cm), and dry weight (DWt in g).** Values represent mean (n = 3), and the vertical lines represent ±standard error of the mean. For each of the growth response, i.e., root length, shoot length and dry weight with or without the isolates, statistical analysis has been performed using two-way ANOVA followed by Bonferroni\'s post-hoc test for multiple mean comparisons. ∗∗∗ highly significant, ∗∗ moderately significant, ∗ less significant compared to CMC control (p \< 0.05).Figure 5

4. Discussion {#sec4}
=============

The growth and development of plants often depend on the type of plant-microbe interactions functioning in the rhizosphere. Several cultivation-dependent studies revealed the occurrence of multiple species of *Bacillus* in the soil and rhizosphere which were reported as PGPR ([@bib17]; [@bib37]; [@bib22]; [@bib2]) as they promoted plant growth and/or suppressed phytopathogens. Based on the 16S rRNA gene sequences, the seven tomato rhizobacterial isolates, in this study, had 99--100% similarity with the genus *Bacillus*. Identification of *Bacillus* species exclusively based on the 16S rRNA gene sequences was considered insufficient ([@bib19]). BOX-PCR fingerprinting is a well-documented and widely employed phylogenetic informative tool for molecular typing of various bacteria ([@bib21]; [@bib44]). [@bib16] showed BOX-PCR fingerprinting to be an effective tool to explore intraspecies diversity within *Bacillus* populations. In this study, BOX-PCR generated distinctive electrophoretic patterns among different *Bacillus* strains with clear and identifiable bands. The presence of similar or variable bands enabled differentiation of the *Bacillus* isolates.

To improve the screening approaches for selecting effective PGPR strains, identification of traits predicting PGP will be useful. Most of the seven *Bacillus* isolates exhibited multiple PGP characteristics. Phosphate solubilization by rhizobacteria promotes plant growth and yields ([@bib20]). Some species of bacteria, including *Bacillus* spp., possess the ability to mineralize and solubilize organic and inorganic phosphorus in the soil for quick access to the plant ([@bib4]). Microbial phytases, specially produced by *Bacillus* spp., were studied due to their PGP effects and diverse agrobiotechnological applications ([@bib18]; [@bib31]). Besides solubilizing phytate phosphorous, extracellular phytases produced by *Bacillus* spp. release essential mineral nutrients like Ca^2+^, Zn^2+^, and Fe^2+^ from chelate-forming phytates ([@bib32]). Only one isolate (TRS-5) solubilized mineral phosphate effectively, and three of them (TRS-1, TRS-3, and TRS-8) produced phytases.

IAA and ethylene are growth regulators that regulate different stages of plant growth ([@bib12]). All seven isolates produced IAA. Highest IAA produced by TRS-7 and TRS-8 might play a role in enhancing the growth of tomato plants. The auxin IAA is known to strongly affect root growth and architecture. Exogenous IAA of rhizobacterial origin can increase root length and biomass, and enhance plant growth by regulating the expression of host genes related to auxin response, defense, hormone and cell wall synthesis ([@bib28]; [@bib3]). The isolates TRS-2, TRS-4, TRS-7 and TRS-8 produced ACC deaminase that breaks down the ethylene precursor ACC into ammonia and α-ketobutyrate, alleviating ethylene stress in plants and delaying senescence ([@bib12]). Bacteria can further metabolize these end products for their growth. *Bacillus* spp. exhibiting ACC deaminase activity are reported to be halotolerant and can promote plant growth under salinity stress conditions ([@bib33]; [@bib23]).

*Bacillus* spp. enhance plant growth and yield by solubilizing insoluble zinc compounds and increasing bioavailability of zinc in the soil ([@bib22]). TRS-1, TRS-3, and TRS-8 solubilized zinc with TRS-8 being the best zinc solubilizer. The presence of iron-chelating siderophore producing microorganisms in the rhizosphere makes iron available to the plant, aids in plant growth under iron-deficient conditions while limiting iron availability for phytopathogens ([@bib30]; [@bib32]). Siderophore and HCN were produced by all the seven isolates. TRS-4, TRS-7, and TRS-8 produced more of siderophore, while TRS-2 and TRS-7 produced more of HCN. The PGPR that produce HCN suppress plant pathogens and reduce the severity of disease and also indirectly increase phosphorous availability through sequestration and metal chelation ([@bib27]; [@bib3]). All the seven isolates were positive for the Voges Proskauer test, indicating the production of acetylmethyl carbinol (acetoin) from glucose fermentation. Volatile organic compounds like acetoin produced by *Bacillus* strains were reported to increase leaf surface area and induce systemic resistance in *Arabidopsis thaliana* ([@bib29]).

*Bacillus* spp. exhibit remarkable antibacterial and/or antifungal activity against different phytopathogens ([@bib17]) that make them suitable biocontrol agents in agriculture. They are reported to be reservoirs of several biologically active molecules, including those with potential antifungal activity ([@bib32]). Rhizospheric Bacilli can aid in suppressing several soil-borne phytopathogens ([@bib37]; [@bib6]). In the present study, antagonistic activity was observed with TRS-1 and TRS-5 against both *Xanthomonas axonopodis* pv*. citri* and *X. oryzae* pv*. oryzae*. TRS-1 exhibited antifungal activity against *Curvularia* sp. The antagonistic effect of the test bacterial isolates could be useful for an effective biocontrol and other plant growth promotion activities.

Extensive root colonization is a prerequisite for the PGPR to establish successfully in the rhizosphere and rhizoplane ([@bib43]). The isolates TRS-8 and TRS-7 were better root colonizers in comparison to other test isolates. Root colonization by PGPR is often enhanced by the formation of biofilms on root surfaces that facilitates retention of moisture and protects plant roots from harmful microorganisms ([@bib13]). *Paenibacillus polymyxa* and *Bacillus subtilis* colonize *Arabidopsis* roots by forming biofilms and render biocontrol activity ([@bib39]; [@bib5]; [@bib42]). Two isolates TRS-1 and TRS-7, from tomato rhizosphere formed biofilms. As active colonization of tomato roots by *Bacillus subtilis* PTS-394 ([@bib25]) promoted growth and suppressed soil pathogens with no durable impact on the tomato rhizosphere microbial community composition, a combination of factors may be essential for PGPR to be successful.

Seed bacterization was employed to monitor the effects of rhizobacterial strains on plant growth ([@bib40]; [@bib14]). The response of tomato plants to seed bacterization in terms of shoot length, root length and dry weight varied significantly. PGPR enhance plant growth and yield by facilitating the uptake of mineral nutrients, synthesizing several phytohormones, and protecting plants from diverse phytopathogens. The genus *Bacillus* represents one of the most diverse Bacilli genera commonly used as bioinoculants to promote plant growth. [@bib2] identified 12 *Bacillus* strains promoting the growth of corn, wheat, and soybean. The strains exhibited multiple PGP traits, including phosphate solubilization, nitrogen fixation and IAA production. Similarly, wheat rhizobacteria were screened for multiple *in vitro* PGP attributes and were evaluated under controlled conditions in pot experiments ([@bib26]).

The use of beneficial, environmentally safe microbial inoculants has been regarded as an alternative to synthetic agrochemicals. *Bacillus* species, present in the immediate vicinity of crop rhizospheres, are most widely used as bioinoculants. The present study selected TRS-8 and TRS-7 as potential PGPR isolates from tomato rhizosphere that can enhance plant growth and fertility. Further characterization of these isolates is required to assess their suitability as effective bioinoculants.
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[^1]: Physiological and biochemical characterization of rhizobacterial isolates was carried out under identical conditions. '+', positive; '-', negative result for the test.

[^2]: PS- Phosphate solubilization; CP- Chitinase production; SP- Siderophore production; ZS- Zinc solubilization; HP- HCN production; IP- IAA production; PP- Phytase production; BF- Biofilm formation; AD- ACC deaminase activity. '+', positive; '-', negative result for the test. For phosphate and zinc solubilization, siderophore and chitinase production, antifungal and antibacterial assay: '+', zone of clearance \<0.2 mm; '++', zone of clearance 0.2--0.4 mm; '+++', zone of clearance \>0.4 mm. For IAA production: '+', absorbance \<0.1; '++', absorbance 0.1--0.3; '+++', absorbance \>0.3. *Xac- Xanthomonas axonopodis* pv. *citri*; *Xoo- Xanthomonas oryzae* pv. *oryzae*; C- *Curvularia* sp.; F- *Fusarium* sp.

[^3]: Homology and phylogenetic identity of the rhizobacterial isolates were obtained by comparing the 16S rRNA gene sequence similarity with that of related strains available at the NCBI database.
